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Based on the gauge symmetry framework, the U1 symmetry of electrody-
namics is violated in the presence of gravity with space-time translational gauge
symmetry in inertial frames. For a light ray, an eikonal equation with effective
metric tensors is derived in the geometric-optics limit. Under these conditions, the
angle of the deflection of light by the sun is calculated to be δφ ≈ 1.75′′ in inertial
frames without requiring a gauge condition such as ∂µA
µ = 0. In contrast, if the
theory is U1 gauge invariant, one can impose the gauge condition ∂µA
µ = 0 in
the derivation of the eikonal equation. In this case, one obtains a slightly different
effective metric tensor and a different angle of deflection δφ ≈ 1.52′′. However,
because the precision of experiments in the last century using optical frequencies
has been no better than (10 − 20)% due to large systematic errors, one cannot
unambiguously rule out the result δφ ≈ 1.52′. It is hoped that the precision of
these data can be improved in order to test Yang-Mills gravity.
Keywords: U1 symmetry, Yang-Mills gravity, deflection of light
PACS numbers:11.15.-q, 12.25.+e
1. Introduction
The formulations of electromagnetic and general gauge theories associated
with internal gauge groups are all based on the replacement, ∂µ → ∂µ−ifBµ
in the Lagrangian. The field Bµ = B
a
µta involves constant matrix represen-
tations of the generators ta of the groups associated with internal gauge
symmetry. However, Yang-Mills gravity is based on the external space-time
translation gauge group T4. Since the generators of the group T4 are the dis-
placement operators, pµ = i∂µ (in natural units c=~=1), the replacement
1
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in the Lagrangian is given by1,2,3
∂µ → ∂µ − igφµνp
ν ≡ Jµν∂
ν , (1)
Jµν = ηµν + gφµν , ηµν = (1,−1,−1,−1),
in inertial frames, where g is the coupling constant associated with the
gravitational tensor gauge field φµν .
For readers not familiar with Yang-Mills gravity, we will briefly explain
the basic ideas and the Lagrangian with T4 gauge symmetry. Quantum
Yang-Mills gravity is based the spacetime translational group (T4) and in-
volves (Lorentz) vector gauge functions Λµ(x) and the related Hamilton’s
characteristic phase function in inertial frames.1,2,3 As a result, we can
quantize the gravitational field without difficulty. The T4 gauge fields are
associated with the T4 group and the generator pµ = i∂µ. The T4 gauge
covariant derivative Jµν∂
ν = ∂µ − igφµνp
ν is basic in gauge field theory of
gravity and are given by the replacement (1), which dictates the universal
interaction between gravitational and any other fields.1,2
As usual, the T4 gauge curvature Cµνα is derived from the commutator
of the T4 gauge covariant derivative J
λ
µ∂
λ, i.e., [Jλµ∂λ, J
σ
ν ∂σ] = Cµνα∂
α,
where Cµνα = Jµλ(∂
λJνα)− Jνλ(∂
λJµα), Jµλ = J
β
µ ηβλ. The action Sφψ
of Yang-Mills gravity for the tensor field φµν and a charged fermion field ψ
in an inertial frame is quadratic in the gauge curvature Cµνα,
Sφψ =
∫
Lφψd
4x, Lφψ = Lφ + Lψ, (2)
Lφ =
1
4g2
(
CµναC
µνα − 2C αµα C
µβ
β
)
, (3)
Lψ = +ψiγ
µ(∂µ + gφ
ν
µ∂ν − ieAµ)ψ −mψψ. (4)
The action Sφψ is invariant under local T4 gauge transformations, although
the Lagrangian density Lφ by itself is not invariant due to the presence of
a total derivative term, which does not contribute to the gravitational field
equations.3
In quantum Yang-Mills gravity, the symmetric tensor field φµν is a mass-
less spin-2 gauge boson. The gravitational quadrupole radiation has been
discussed with the usual gauge condition ∂µφµν = ∂νφ
λ
λ/2. We have also
calculated the power emitted per unit solid angle in the direction x/|x|
and that radiated by a body rotating around one of the principal axes
of the ellipsoid of inertia. The results to the second order approximation
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are the same as that obtained in general relativity and consistent with
experiments.1,3
In the geometric-optics limit,1,2 the fermion wave equation reduces to a
Hamilton-Jacobi type equation,
Gµν(∂µS)(∂νS)−m
2 = 0, Gµν = ηαβJ
αµJβν . (5)
This equation of motion for macroscopic objects in flat space-time involves
a new effective Riemannian metric tensor Gµν , which is actually a function
of the T4 gauge field φµν in Yang-Mills gravity. It is formally the same as
the corresponding equation of motion for macroscopic objects in general
relativity.3a This equation is crucial for Yang-Mills gravity to be consistent
with the perihelion shift of the Mercury, the deflection of light by the sun
and the equivalence principle.1,3
A satisfactory theory of gravity should be able to give a simple expla-
nation why the gravitational force is attractive rather than repulsive. Let
us consider the gravitational (T4) tensor field φµν(x) and the electromag-
netic potential field Aµ(x) in the gauge covariant derivative and its complex
conjugate in the fermion Lagrangian (4),
∂µ − igφ
ν
µpν − ieAµ + .... = ∂µ + gφ
ν
µ∂ν − ieAµ + .... (6)
(∂µ − igφ
ν
µpν − ieAµ + ....)
∗ = ∂µ + gφ
ν
µ∂ν + ieAµ + .... (7)
The gauge covariant derivative (6) and its complex conjugate (7) appear
respectively in the wave equations of the electron (i.e., particle with charge
−e < 0) and the positron (i.e., antiparticle with charge e > 0). The elec-
tric force between two charged particles is due to the exchange of a virtual
photon. In quantum electrodynamics, this can be pictured in the Feyn-
man diagrams with two vertices connected by a photon propagator. The
key properties of the electric force Fe(e
−, e−) (i.e., between electron and
electron) and the force Fe(e
−, e+) (i.e., between electron and positron) are
given by the third terms in (6) and in (7), i.e.,
Fe(e
−, e−) : (−ie)× (−ie) = −e2, repulsive,
Fe(e
−, e+) : (−ie)× (ie) = +e2, attractive,
aThis equation obtained in the geometric-optics limit in Yang-Mills gravity based on
inertial frames involves the effective metric tensor Gµν . It is formally the same as the
corresponding equation in general relativity. We call it the ’Einstein-Grossmann (EG)
equation’ in recognition of their collaboration.
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and the force Fe(e
+, e+) is the same as Fe(e
−, e−). Thus, we have experi-
mentally established attractive and repulsive electric forces, which are due
to the presence of i in the electromagnetic U1 gauge covariant derivative
∂µ − ieAµ. The Yang-Mills gravitational force FYMg(e
−, e−) (i.e., between
electron and electron) and the force FYMg(e
−, e+) (i.e., between electron
and positron) are respectively given by the second terms in (6) and in (7).
Because the gravitation coupling terms in (6) and (7) do not involve i, we
have only an attractive gravitational force,
FYMg(e
−, e−) : (g)× (g) = +g2, attractive,
FYMg(e
−, e+) : (g)× (g) = +g2, attractive,
and FYMg(e
+, e+) is the same as FYMg(e
−, e−). Note that these qualitative
results for forces Fe(e
−, e−) and FYMg(e
−, e−) are independent of the signs
of the coupling constants e and g.
2. The coupling of electromagnetic and gravitational fields
with T4 gauge symmetry
In the formulation of gauge field theory, once a gauge symmetry group
is postulated, the coupling of the gauge field must be dictated by
the gauge covariant derivative associated with the group. In particu-
lar, the partial derivative ∂µ in the usual electromagnetic Lagrangian
(−1/4)ηµαηνβ(∂µAν − ∂νAµ)(∂αAβ − ∂βAα) must be modified according
to (1). Thus, in the presence of gravity with T4 gauge symmetry, the elec-
tromagnetic Lagrangian Lem in inertial frames must take the form
Lem = −
1
4
ηµαηνβFµνFαβ , η
µα = (1,−1,−1,−1), (8)
Fµν = ∆µAν −∆νAµ, ∆µ = Jµν∂
ν ,
according to the general principle of gauge symmetry.
Once the gravity is assumed to be a gauge field theory with local space-
time translation (T4) symmetry, the electromagnetic Lagrangian Lem in
(8) must have the T4 gauge covariant derivative which dictate the presence
of the term involving g, symmetric tensor field φµν and the T4 generator
pµ. This terms explains why the gravitational force is always attractive, in
contrast to the electromagnetic force, as discussed in the introduction. This
term in the T4 gauge covariant derivative dictates the T4 gauge curvature
Cµνα, and the T4 gauge invariant Lagrangianmust be quadratic in the gauge
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curvature, as shown in (3). All these properties, including the violation of
the electromagnetic U1 symmetry, are consequence of the principle of gauge
symmetry for the formulation of gauge field theories.
One can demonstrate that Fµν = ∆µAν − ∆νAµ and the Lagrangian
Lem in (8) are not U1 gauge invariant. Since the gravitational gauge field
φµν is symmetric in µ and ν, it is natural to have the following U1 gauge
transformations for the electromagnetic and gravitational gauge fields with
an arbitrary and infinitesimal scalar function Λ(x),
Aµ(x)→ A
′
µ(x) = Aµ(x) + ∂µΛ(x), (9)
φµν(x)→ φ
′
µν(x) = φµν (x) + ∂µ∂νΛ(x). (10)
The modified field strength Fµν in (8) is no longer invariant under the gauge
transformations (9) and (10),
Fµν(x)→ F
′
µν(x) = Fµν(x) + g
(
φµλ∂
λ∂νΛ(x)− φνλ∂
λ∂µΛ(x)
)
(11)
+g
(
[∂µ∂λΛ(x)]∂
λAν − [∂ν∂λΛ(x)]∂
λAµ
)
6= Fµν(x).
We stress that the violation of the electromagnetic U1 symmetry in the
Lagrangian (8) is due to the general principle of gauge symmetry. It appears
that no matter how φµν (x) transforms in (10), the modified electromagnetic
field strength Fµν in (8) cannot be invariant under U1 gauge transformation,
except in the special case g = 0, i.e., in the absence of gravity. To be specific,
if one replaces ∂µ∂νΛ in (10) by an arbitrary infinitesimal function Xµν(x),
one cannot find a solution of Xµν(x) for Fµν (x) in (11) to be invariant.
We note, however, that Fµν transforms properly under T4 gauge trans-
formations, so that the T4 gauge symmetry of Yang-Mills gravity remains
intact in the presence of electromagnetic interactions3,1. The appearance of
the T4 gauge covariant derivative ∆µ = ∂µ+gφµλ∂
λ in the electromagnetic
Lagrangian Lem in (8) is intimately related to the universal coupling of the
gravitational field to all fields in nature.
Such a gravitational violation of the electromagnetic U1 symmetry might
be experimentally tested by measuring the angle of deflection of light by
the sun. To calculate a theoretical prediction, we first derive the modi-
fied eikonal equation of Maxwell’s equation in the presence of Yang-Mills
gravity. The electromagnetic Lagrangian (8) leads to the modified Maxwell
equations in the presence of Yang-Mills gravity,
∆µ(∆
µAβ −∆βAµ) + (∂αJ
α
µ )(∆
µAβ −∆βAµ) = 0, (12)
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3. Geometric-optics limit with and without violation of U1
gauge symmetry
As usual, the limiting expression for the field Aµ in the geometric-optics
limit takes the form4
Aµ = aµexp(iΨ), (13)
where the eikonal Ψ and the wave vector ∂µΨ are very large.
The modified electromagnetic wave equation (12) in the geometric-
optics limit leads to
[δβµG
ασ∂αΨ∂σΨ]a
µ = 0, Gασ = Jαλ J
λσ, (without ∂µA
µ = 0), (14)
where the terms involving (∂αJ
α
µ ) are small and negligible, and the terms
involving ∂α∂σA
µ or ∂αΨ∂σΨ are large. If one imposes the usual gauge
condition ∂µA
µ = 0, the second term in (12) can be written as
−∆µ∆
β∂νA
µ = −Jσµ∂σ(J
βα∂αA
µ) = −(δσµ + gφ
σ
µ)∂σ(J
βα∂αA
µ)
≈ −gφσµJ
βα∂α∂µA
µ − gφσµJ
βα∂σ∂αA
µ = −gφσµJ
βα∂σ∂αA
µ, (15)
Thus, the modified Maxwell’s equation (12) can be written as
[δβµG
ασ∂αΨ∂σΨ− gJ
βσφαµ∂αΨ∂σΨ]a
µ = 0, (with ∂µA
µ = 0). (16)
Since we are interested in the law for the propagation of light
rays and the further simplification of (16), we have expressed the am-
plitude aµ in terms of the space-like polarization vector ǫµ(λ), i.e.,
aµ = ǫµ(λ)b(x), b(x) 6= 0 in the limiting expression for Aµ. As usual,∑
λ ǫ
µ(λ)ǫν(λ) → −ηµν by summing over all polarizations.5 Multiplying
[δβµG
ασ∂αΨ∂σΨ]a
µ ≡ Zβµa
µ in (14) by aνηνβ/b
2 and summing over all po-
larizations, we obtain
(1/b2)
∑
λ
Zβµa
µaνηνβ = −b
2δµβZ
β
µ = 0. (17)
After some calculations, we obtain new eikonal equations with effective
metric tensors Gµν ,
Gµν∂µΨ∂νΨ = 0, G
µν = JµλJ
λν , (without ∂µA
µ = 0); (18)
GµνL ∂µΨ∂νΨ = 0, G
µν
L = G
µν −
g
4
φµλJ
λν , (with ∂µA
µ = 0). (19)
Thus, we have derived the Einstein-Grossmann (EG) equations (18) for the
propagation of a light ray in an inertial frame in the geometric-optics limit.
We distinguish between the two different effective metric tensors Gµν and
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GµνL in (18) and (19) because the electromagnetic Lagrangian (8) is not U1
gauge invariant and this electromagnetic U1 non-invariance can be tested.
If Yang-Mills gravity were to preserve U1 gauge symmetry, one could choose
a gauge condition such as ∂µA
µ = 0. In this case, the EG equation would
involve the effective metric tensor GµνL = G
µν − (g/4)φµλJ
λν , as shown in
(19).
The use of a gauge condition in (18) is for the purpose of experimental
comparison between Yang-Mills gravity (with T4 symmetry, which violate
U1 symmetry) and some other (hypothetical) formulations of gravity with a
similar tensor field with similar eikonal equation and without the violation
of the U1 gauge symmetry.
It must be stressed that these simple effective metric tensors in the EG
equation (18) are valid only in the geometric-optics limit. In general, eikonal
equations with non-zero masses have a very complicated dependence on the
wave vector ∂µΨ, making it difficult to identify the effective Riemannian
metric tensors in the EG equation, if the geometric-optics limit is not taken.
In order to calculate the deflection of a light ray near the sun, we follow
the usual convention and assume that the motion of a light ray is in the
plane defined by θ = π/2 in the spherical coordinates (t, ρ, θ, φ) (the x-y
plane in Cartesian coordinates in an inertial frame). Let us first consider
the case Gµν in (18), which is obtained without imposing the condition
∂µA
µ = 0. The effective metric tensor Gµν of the EG equation is the same
as that of the perihelion shift.1 The EG equation (18) can be written as
G00
(
∂Ψ
∂t
)2
+G11
(
∂Ψ
∂ρ
)2
−
1
ρ2
(
∂Ψ
∂φ
)2
= 0, (20)
G00 = 1 +
2Gm
ρ
, G11 = −1 +
2Gm
ρ
, (without ∂µA
µ = 0),
where G33 = −1/ρ2, g2 = 8πG and m is the mass of the sun. Similar to the
general procedure for solving the Hamilton-Jacobi equation in a spherically
symmetric tensor field, we look for the eikonal Ψ in the form4,3
Ψ = −ω0t+Mφ+ f(ρ), (21)
with constant energy ωo and angular momentum M of the light ray under
consideration. One can then determine f(ρ) and solve for the trajectory of
the ray determined by the equation ∂Ψ/∂M=constant.4 We have
d2σ
dφ2
= −σ(1 +Qo) + 3Gmσ
2, σ =
1
ρ
(22)
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where the correction term Qo is of the order of G
2m2/R2, i.e., 10−12, which
is extremely small and negligible. Following the usual procedure for calcu-
lating the deflection of light due to the sun,4 we find the following results
when the deflection angle is measured in an inertial frame,
∆φ ≈
4Gm
R
≈ 1.75′′, (without ∂µA
µ = 0). (23)
It is the deflection of a light ray passing through the spherically symmetric
tensor field generated by the sun at a distance R =M/ωo from the center of
the sun to the first order approximation. We stress that the electromagnetic
Lagrangian Lem in (8) and Yang-Mills gravity based on the replacement
(1) are formulated in inertial frames in which space and time coordinates
and angles have well-defined operational meaning.
For an experimental test of the possible violation of the electromagnetic
U1 gauge symmetry, we now consider the consequences of (19) with the
gauge condition ∂µA
µ = 0. The effective metric tensor GµνL of the EG
equation is similar to (18), but it is slightly different,2
G00L
(
∂Ψ
∂t
)2
+G11L
(
∂Ψ
∂ρ
)2
−
1
ρ2
(
∂Ψ
∂φ
)2
= 0, (24)
G00L = 1 +
7Gm
4ρ
, G11L = −1 +
7Gm
4ρ
, (with ∂µA
µ = 0),
and G33L = −1/ρ
2. Following the same calculational steps, we obtain
d2σ
dφ2
= −σ +
21Gm
8
σ2, (25)
which is slightly different from (20). In this case, the deflection angle mea-
sured in an inertial frame is given by
∆φ ≈
7Gm
2R
≈ 1.53′′, (with ∂µA
µ = 0), (26)
Because the accuracy of measurements of the deflection of light (at
optical frequencies) by the sun have been no better than (10 − 20)%,7
both results (23) and (25) are consistent with experimental observations of
∆φexp ≈ 1.75
′′.4
4. Discussion
As usual, if the electromagnetic U1 gauge symmetry is not violated by Yang-
Mills gravity, one can impose the gauge condition ∂µA
µ = 0 to predict the
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angle of deflection as ∆φ ≈ 1.53′′. The fact that we have two different results
in (23) and (26) indicates that electrodynamics is not gauge invariant in the
presence of Yang-Mills gravity. Furthermore, quantum Yang-Mills gravity
predicts that the electric charge of the electron by itself is not absolutely
conserved in the presence of gravity. The departure of the electron charge
conservation in QED due to the presence of Yang-Mills gravity is extremely
small and cannot be detected by present experiments.6
We specifically discuss the violation of the electromagnetic U1 symme-
try by the Yang-Mills gravity, which is characterized by an extremely small
gravitational coupling constant. Since Yang-Mills gravity is formulated in
inertial frames, we have derived rules for Feynman diagrams and calculated
explicitly the self energy of graviton and other Feynman amplitudes.3 There
is no violation of unitarity because the T4 gauge invariant Lagrangian sat-
isfy all the general requirement of a quantum field theory. In general, all
corrections related to the S matrix are extremely small due to the small
gravitational coupling constant. Therefore, there are no significant phe-
nomenological implications within electromagnetism or within quantum
electrodynamics due to the violation of the U1 symmetry by the Yang-
Mills gravity with the extremely small size of the gravitational coupling
constant.
One may have Fµν = J
α
µ J
β
ν (∂αAβ − ∂βAα), which is U1 gauge invariant
if one assumes that the tensor field φµν does not change under the U1 gauge
transformation. However, it has little to do with Yang-Mills gravity. The
reason is that in the formulation of Yang-Mills gravity, once we assumed it
to be a gauge field theory with the local space-time translation (T4) sym-
metry, we must have the T4 gauge covariant derivative to replace the usual
partial derivative in the usual electromagnetic Lagrangian. Thus we have
the modified electromagnetic Lagrangian (8), where the T4 gauge covariant
derivative (∂µ − igφµνp
ν) ≡ Jµν∂
ν dictates the interactions between the
gravitational field and the electromagnetic fields.
The identification of the physical meaning of ω0 and M are generally
used and accepted in solving the Hamilton-Jacobi type equation,4 as shown
in equation (15) for the eikonal. Since the eikonal Φ is related to Aµ only
through equation (7) when Φ and ∂µΦ are very large, it does not appear
that these constants equal to appropriate derivatives of the Lagrangian (8).
Comparisons of results from Yang-Mills gravity and those from general
relativity should be made with caution because the calculations in Yang-
Mills gravity are carried out in inertial frames, while the corresponding
results in general relativity are not calculated in inertial frames. The oper-
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ational meaning of coordinates and momentum in general relativity appears
to be highly non-trivial.8 Our claim is based on the discussion by Wigner,
who wrote: ‘The basic premise of this theory [the general theory of rela-
tivity] is that coordinates are only auxiliary quantities which can be given
arbitrary values for every event. Hence, the measurement of position, that
is, of the space coordinates, is certainly not a significant measurement if the
postulates of the general theory are adopted: the coordinates can be given
any value one wants. The same holds for momenta. Most of us have strug-
gled with the problem of how, under these premises, the general theory of
relativity can make meaningful statements and predictions at all’.b
If the accuracy of the measurements of the deflection of light rays (at
optical frequencies) by the sun can be improved to the level of a few per-
cent, then one can distinguish between the results in (23) and (26).c The
significance of such an experiment cannot be over emphasized since it would
also determine whether electric charge is absolutely conserved. According
to quantum Yang-Mills gravity, the universal coupling of the gravitational
field to all fields in nature implies that all internal gauge symmetries will
have very small non-invariances in the presence of gravity. In other words,
all internal charges such as the color charges of quarks, the baryon charge
(i.e., baryon number) and the lepton charge (i.e., lepton number) are not
absolutely conserved by themselves in the presence of gravity. In the fu-
ture, such experiments of charge conservations could determine whether
the Yang-Mills idea of gauge symmetry for all interactions is consistent
with experiments.
We thank reviewers for their useful comments.
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